Detection of serotype G6 rotaviruses in bovine field samples using a nonradioactive PCR-derived cDNA probe
Maria Munoz, Anil V. Parwani, Alejandro Lucchelli, Hiroshi Tsunemitsu, Linda J. Saif Group A rotaviruses are an important cause of diarrhea in young animals and humans. Their serotypic classification has been based primarily on antigenic differences of the VP7 (determines G serotypes) and, to a lesser extent, the VP4 (determines P serotypes). Both proteins are located in the outer capsid and induce neutralizing antibodies. 2, 5 Difficulties in developing an effective rotavirus vaccine have led to a growing interest in determining the distribution of rotavirus serotypes in different populations, because the success of a vaccine depends in part on the antigenic similarity between the vaccine and the infecting viruses. Rotaviruses belonging to serotype G6 and G10 have been reported as the most prevalent among cattle (Munoz M, Parwani A, Lucchelli A, Saif L: 1993, Abstr 74th Annu Conf Res Workers Anim Dis #56), 1, 6, 7, 11, 12 but the distribution of rotavirus serotypes varies not only with the herd type (dairy, beef) but also with the region and management conditions of the herds (Munoz M, Parwani A, Lucchelli A, Saif L: 1993, Abstr 74th Annu Conf Res Workers Anim Dis #56). 1, 6 Current emphasis is on the development of rapid and accurate tests for rotavirus serotype identification suitable for direct analysis of fecal specimens. Classically, G typing of group A rotaviruses has been done by neutralization tests 5 but these require the adaption of the virus to cell culture and the production of antiserum and thus are time-consuming and unsuitable for the typing of large numbers of samples. Recently, characterization of rotavirus serotypes has been performed using serotype-specific monoclonal antibody (MAb)-based ELISA 1,6,11 and lately using tests based on the detection of the divergence of the VP7 gene sequence among rotaviruses of different serotypes such as nucleic acid hybridization, polymerase chain reaction (PCR) and gene sequencing. 3, 4, [7] [8] [9] [10] [11] [12] Nucleic acid probes obtained by PCR amplification of hyperviariable regions of VP7 genes have been used successfully for the G typing of human and animal rotaviruses. 3,7 -9 However, most of these assays involve the use of radioisotopes. The inconvenience of handling these hazardous materials is a major disadvantage of these tests when compared with ELISA; otherwise, the 2 assays have similar sensitivities and specificities. 3, 7 Nonradioactive probe assays for the detection and serotyping of animal rotaviruses are not available. Therefore, the objective of our study was to develop a nonradioactive G-type-specific probe for use in dot blot hybridization assays for the detection of group A rotavirus G6 serotypes in bovine fecal samples.
Rotavirus dsRNA was extracted from fecal material with phenol-chloroform as previously described. 10 To determine the presence and estimate the amount of RNA in the samples, they were subjected to electrophoresis in polyacrylamide gels (PAGE) as described. 13 Electrophoresis was conducted at 12 mA for 14-16 hours and gels were silver-stained to visualize the RNA bands. 13 The probes were obtained by PCR amplification using as template the cDNA full-length VP7 gene of the bovine rotavirus (BRV) serotype G6 (NCDV Lincoln strain) cloned in the plasmid pGEM. 7 Two primers previously described were used for the amplification. 7 Primer A was homologous to nucleotides 51-71 of the VP7 gene and primer B was complementary to nucleotides 376-392 of this gene. These primers amplify a region of the VP7 gene which is hyperdivergent among different serotypes. 3, 7 The PCR reaction was performed as described previously. 7 The size of the PCR products (341 bp) was confirmed by agarose gel electrophoresis and primers were removed by centrifugation through columns a The PCR-generated cDNA probes were labeled with digoxigenin (DIG) using a random primed labeling kit b following the manufacturer's instructions with minor modifications (described below). The labeling reaction was performed at 37 C for 1 hour and the DNA was ethanol-precipitated, resuspended in TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8) and stored at -20 C until used.
Prior to hybridization, dsRNA extracted from fecal material was dotted onto nylon membranes= after boiling and chilling for 5 minutes for denaturation. The concentration of dsRNA in each sample was adjusted based on the intensity of the bands after silver-staining (data not shown). Twenty microliters and 5 µl of each sample were applied to the membranes and allowed to air-dry. Prehybridization and hybridization were performed under high stringency conditions (52 C, 50% formamide, 5 x standard saline citrate [SSC] [1 x SSC is 0.15 M NaCl, 0.015 M sodium citrate]). Membranes were prehybridized for 1 hour in 10 ml of hybridization buffer containing 50% formamide, 5 x SSC, 0.1% lauroylsarcosine, 0.02% sodium dodecyl sulfate (SDS) and 2% blocking reagent solution (10% solution is 10% w/v blocking reagent, b 0.05 M NaOH, 0.15 M NaCl, 0.06 M Tris-HCl, pH 7.5). The hybridization was performed for 14-18 hours in 34 ml of the standard buffer to which 5-10 ng of heat denatured probe was added per ml of buffer. Membranes were washed 4 times at room temperature (RT) in 2 x SSC-0.1% SDS and twice at 52 C in 0.4 x , SSC-0.1% SDS.
Detection of the hybridized probe was performed with the DIG nucleic acid detection kit b using a chemiluminescent substrate. b Manufacturer's instructions were followed with some modifications. Briefly, after the posthybridization step, membranes were equilibrated in buffer 1 (100 mM maleic acid, 150 mM NaCl, pH 7.5) for 1 minute, then incubated 30-60 minutes in buffer 2 (buffer 1 + 1% blocking reagent) and for 30 minutes in a 1:17,000 dilution of anti-DIG-alkaline phosphatase conjugate. Membranes were washed 5 times for 15 minutes with buffer 1 containing 0.3% Tween-20. Increasing conjugate concentration or decreasing the number of washes resulted in high background. Membranes field samples that were identified as G6 by an MAb-based ELISA (dots 1C to 1F and 2A). No hybridization signals were observed with reference bovine rotavirus G10 Cr strain (dot 2B), with 2 G10 bovine rotavirus field samples (dots 2C and 2D), with 2 other rotavirus samples that could not be typed as G6 or G10 with the serotyping ELISA, or with 32 P-labeled probes (dots 2E and 2F).
were equilibrated for 2 minutes in buffer 3 (100 mM Tris-HCl, 100 mM NaCl, 50 mM MgCl,) and Lumi-Phos substrate b was applied to the membranes which were then incubated for 5 minutes at RT and 15 minutes at 37 C. Fifteen hours after the application of the chemiluminescent substrate, b membranes were exposed to X-ray films d for 45-90 minutes at RT.
Partial-length cDNA probes obtained by PCR amplification of the analogous VP7 region have been used to differentiate rotavirus serotypes from humans, 3 cattle, 7 and swine. 9 The serotype specificity of partial-length 32 P-labeled G6 cDNA probes under high stringency conditions has been confirmed in dot-blot hybridization assays. 8 To confirm the G6 specificity of our DIG-labeled probe, 12 BRV samples of known G serotype were tested as described above. Three of these were reference strains present in feces from gnotobiotic calves infected with either ID (G6), NCDV Lincoln (G6), or Cr (G10) BRV strains. The sources and origins of these strains have been described. 8 The remaining 9 fecal samples were from group-A-rotavirus-positive calf diarrhea field cases whose G serotype specificity had been determined previously by an MAb-based ELISA or radioactive G6 cDNA probes. 6 Five of the samples had been identified as G6, 2 as G10, and 2 as neither G6 nor G10. Appropriate negative controls such as feces from an uninfected gnotobiotic calf and feces containing bovine group B rotavirus were also included. The nonradioactive G6-specific probe did not react with any of the negative controls (data not shown) or any of the G10 or non-G6/non-G10 rotaviruses, and was able to detect the 2 reference G6 strains (NCDV Lincoln and ID) and 4 out of 5 G6 field BRV strains (Fig. 1) . The one sample that the probe failed to detect was also negative for rotavirus dsRNA by PAGE.
After these preliminary results, only samples positive for rotavirus dsRNA by PAGE were included in the following study. Sixty-four fecal samples that were PAGE-positive for group A rotavirus from dairy and beef calves with diarrhea from South Dakota e were tested by the dot-blot hybridization assay with the nonradioactive G6-specific probe. Serotype G6 rotaviruses were detected in 19 (29.7%) of the samples. We found a similar prevalence of serotype G6 rotaviruses among bovine samples of the same origin when tested using a radioactive PCR-derived partial-length probe (Munoz M, Parwani A, Lucchelli A, Saif L: 1993, Abstr 74th Annu Conf Res Workers Anim Dis #56). All but 5 of the G6-positive samples were also positive by a G6-serotype-specific MAbbased ELISA. 7 However, 3 of the 5 negative samples were also negative in the ELISA using a broadly reactive VP7 MAb, indicating that probably not enough VP7 was present on the rotavirus particles to be detected and typed by ELISA.
We have thus developed the first (to our knowledge) nonradioactive probe assay for the identification of animal rotavirus serotypes. The probe used was a partial-length, PCRderived, digoxigenin-labeled cDNA probe. It was used to detect serotype G6 rotaviruses in bovine field samples, suggesting than nonradioactive probes may be a useful tool for the detection of animal rotavirus serotypes. The use of nonradioactive probes makes the reagents easier to manipulate, more compatible for the routine serotyping of field samples, and suitable for laboratories that lack the facilities to work with radioactive materials. An additional advantage of the nonradioactive probes over radioactive probes is that once they are labeled they can be stored for longer periods. The use of procedures for nonradioactive G6 probes could be extended to the identification of other rotavirus G and P types.
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